A new species, Nocardiopsis hubphila, is proposed. This species is represented by a single isolate obtained from a saline soil sample in Iraq. This organism grows in both synthetic and organic media containing concentrations of NaCl up to 20% (wt/vol) and is resistant to lysozyme. Whole-cell hydrolysates contain meso-diaminopimelic acid (cell wall type 111) and no diagnostic sugars (sugar pattern C). The phospholipid type is type PIII. The predominant menaquinone is MK-lO(H,,H,), and mycolic acids are absent. This organism forms abundant white aerial mycelia and long irregularly branched spore chains that have a zigzag appearance and fragment into spores of various lengths. The substrate mycelia are extensively branched and are rarely fragmented. These properties suggest that this bacterium should be placed in the genus Nocardiopsis. However, this organism differs from all previously described species of the genus Nocardiopsis in its ability to grow in the presence of 20% (wt/vol) NaCl and also in many other physiological and biochemical characteristics. Thus, we propose that this organism is a new species, Nocardiopsis halophila. Type strain IQ-H3 has been deposited in the Culture Collection of the Institute of Microbiology, Academia Sinica, Beijing, People's Republic of China, as strain A.S.4.1195.
The occurrence of actinomycetes in highly saline environments and the tolerance of these organisms to high concentrations of salts have been described by Tresner et al. (23) and Gottlieb (1 1) . Detailed characterizations and chemotaxonomic studies of an extremely halophilic actinomycete, Actinopolyspora hazophila, have been carried out by various groups of workers (5, 7, 8, 13, 14) . From a saline soil in Iraq we isolated an unusual filamentous bacterium which grew best in the presence of high NaCl concentrations (up to 20%, wt/vol) but also grew in the absence of NaCl. In this paper we describe morphological, physiological, and chemical data which support identification of this isolate (strain IQ-H3T [T = type strain]) as a new species of the genus Nocardiopsis. The name Nocardiopsis halophila sp. nov. is proposed for this organism.
MATERIALS AND METHODS
Bacterial strain and cultivation. Strain IQ-H3T was originally isolated from a saline soil obtained from Iraq by using a modified complex medium (SGA agar) that contained 20% (wt/vol) NaCl (1) . This medium contained the following ingredients: 15.0 g of agar (Difco), 7.5 g of Casamino Acids (Difco), 10 .0 g of yeast extract (Difco), 20.0 g of MgSO, 7H,O, 3.0 g of sodium citrate, 2.0 g of KCl, 200.0 g of NaC1, and 1,000.0 ml of H,O (20) . It also contained 1 ml of a trace salt solution per liter. The trace salt solution contained 0.1 g of FeSO, 7H20, 0.1 g of ZnSO, -7H20, 0. Growth characterization. Strain IQ-H3T was cultivated on SGA agar and Bennett agar media that contained different concentrations of NaCl (0, 5, 10, 15, 20, and 25%, wt/vol), on actinomycete isolation agar (Difco), and on glucose-salt agar (6) supplemented with 15% (wt/vol) NaC1. After 14 to 21 days of incubation at 30"C, the colors of the substrate mycelium and the aerial mycelium and the production of soluble pigments were determined. The colors were determined by comparison with Color Standards and Color Nomenclature (18) .
Growth temperature. The ability of strain IQ-H3T to grow at various temperatures (10, 16, 25, 30 , 37, and 42°C) was determined after 7 to 21 days; SGA and Bennett media supplemented with 15% (wt/vol) NaCl were used.
Morphological characterization. Culture morphology was determined with a light microscope. To determine the morphology of the mycelium, the cells were first stained by a previously described method (19) . The spore surface was examined by electron microscopy.
Chemical analysis of cells. The organism was grown in 500-ml Erlenmeyer flasks containing 100 ml of modified complex medium (SGA) supplemented with 15% (wt/vol) NaC1. Inoculated broth cultures (3% inoculum) were grown on a rotary shaker at 200 rpm and 30°C for 3 to 4 days. The mycelia were harvested by centrifugation at 4,000 rpm for 10 min at 4°C and washed three times with distilled water. The diaminopimelic acid isomers and sugars .present in the whole-cell hydrolysates were determined by the methods of Lechevalier and Lechevalier (15) . Menaquinones were extracted and purified by the method of Collins (3) and were identified by high-performance liquid chromatography, using a FBondapak C-18 column and an acetonitrile-isopropanol (3: 1, vol/vol) eluent system. Each isoprenolog was detected at 254 nm. Phospholipids were extracted and identified by using the methods of Lechevalier and Lechevalier (15). The mycolic acids present were determined by using the method described by determined by the method of Gonzalez and Gutierrez (9) . Hydrolysis of starch and hydrolysis of cellulose were determined on glucose-salt medium which was supplemented with 0.5% soluble starch or carboqmethyl cellulose instead of glucose. Amylolytic and cellulolytic activities were determined by the formation of clear zones, using Lugol(4) and Congo red (22) solutions as indicators, respectively. Susceptibility to various antimicrobial compounds was tested by using the impregnated filter paper disc method. Antagonism toward cultures of Escherichia coli IBTC28 1 and Schizosaccharomyces pombe IBTC18-1-1 was determined by the plug technique. All test media mentioned above were supplemented with 15% (wtlvol) NaC1. The inoculated plates or liquid media were incubated at 30 or 37°C. The results were recorded periodically.
RESULTS
Morphological characteristics. Strain IQ-H3= was found to be an aerobic, gram-positive, non-acid-fast, nonmotile organism which formed an extremely well-branched, fine substrate mycelium 0.8 to 1.0 pm in diameter. Fragmentation of hyphae rarely occurred either on agar or in liquid media. The long, irregularly branched aerial mycelium (diameter of hyphae, 1 to 1.2 pm) had a zigzag appearance and fragmented into elongated spores of different sizes (1 to 1.2 by 2 to 2.5 pm), and the spores had smooth surfaces ( Fig. 1 through 4) .
Cultural characteristics. The cultural characteristics of strain IQ-H3T are summarized in Table 1 . There was abundant growth on SGA and Bennett agar media in the presence of 5 to 15% (wt/vol) NaCl, and there was fair growth on media supplemented with 20% (wt/vol) NaC1. This organism grew on media without NaCl but grew best when NaCl was present. No growth occurred in the presence of 25% (wthol) NaCI. Very good growth was observed in glucose-salt medium that contained 15% (wt/vol) NaCl. The vegetative mycelial pigments ranged from creamy yellow to coral red. The spore mass was white, and there were no diffusible pigments. Chemical analysis of cells. The cell wall hydrolysate contained only meso-diaminopimelic acid, and the whole-cell sugar pattern was a type C pattern. The organism had a type PI11 phospholipid pattern, and the major menaquinone was MK-lO(H,,H,); the minor menaquinone was MK-9(H4). Mycolic acid was absent.
Physiological characteristics. The physiological properties of IQ-H3T are summarized in Tables 2 and 3 . This organism was resistant to lysozyme, amoxicillin, clindamycin, bacitracin, cephalexin, and exacillin. However, it was susceptible to carbenicillin, chloramphenicol, erythromycin, and novobiocin. It was able to decompose or hydrolyze xanthine, urea, and Tween 80 but was not able to degrade carboxymethyl cellulose, starch, and tyrosine. No growth occurred at 42°C. The optimum growth temperature was 30°C. Strain IQ-H3T utilized a wide range of carbohydrates as sole carbon sources for growth and produced acids from some of these carbohydrates (Table   TABLE 3 . Carbon utilization and acid production by strain IQ-H3T" 3 On the basis of microbiological properties and chemical composition, including the type of cell wall diaminopimelic acid (type 111), the sugar pattern (type C), the phospholipid pattern (type PIII), the predominant species of menaquinone [MK-lO(H,,H,)], and the lack of mycolic acids, we concluded that strain IQ-H3T should be placed in the genus Nocardiopsis (16). Strain IQ-H3T was compared with the descriptions of previously described Nocardiopsis species (Table 4) ; none of the previously described strains required NaCl or tolerated an NaCl concentration of 20% (wt/vol). IQ-H3T also differed from the previously described species in many other characteristics, as summarized in Table 4 . These differences suggested that strain IQ-H3T is probably not a member of a previously described Nocardiopsis species. Therefore, we concluded that this organism is a member of a new species and propose the name Nocardiopsis halophila sp. nov. for it.
Nocardiopsis halophila sp. nov. Nocardiopsis halophila (ha. lo. phi' la. Gr. n. halos, salt; Gr. adj. philos, loving; M.L. fem. adj. halophila, loving salt) is an aerobic, gram-positive, non-acidfast, nonmotile, filamentous actinomycete. It forms a long and extensively branched substrate mycelium. Fragmentation of the substrate mycelium is rarely observed; its color ranges from creamy yellow to coral red. The aerial mycelium is irregularly branched with very long hyphae and zigzag and fragments into elongated spores with smooth surfaces. It does not have distinctive pigmentation. The cell wall type is type 111. Sugar pattern C. Phospholipid type PIII. The major menaquinone is MK-lO(H,,H,). No mycolic acids are present. Additional physiological characteristics (Tables 3 and 4 ) include resistance to lysozyme, amoxicillin, clindamycin, bacitracin, cephalexin, and oxacillin and susceptibility to carbenicillin, chloramphenicol, erythromycin, and novobiocin. Hydrolyzes urea and Tween 80, but does not degrade carboxymethyl cellulose, starch, xanthine, and tyrosine. Produces acids from the carbon sources maltose, mannitol, xylose, fructose, arabinose, ribose, inositol, and rhamnose. Acids are not produced from glucose,
